We present studies performed by the LHCb experiment with beauty to open charmed meson decays 
Introduction
The Cabibbo-Kobayashi-Maskawa (CKM) [1, 2] angle γ = arg[−V ud V * ub /(V cd V * cb )] is one of the least known parameters of the CKM Unitarity Triangle (UT). Precise measurement of γ from tree-level interference is crucial to overconstrain the UT for the Standard Model test. The comparison between γ measured from treelevel and loop-level decay amplitudes may shed light on new physics.
The angle γ can be accessed by many channels with interference between tree-level b → c decay amplitude 3. Giri-Grossman-Soffer-Zupan (GGSZ) method [6] : D decays to self-conjugated multi-body final states, i.e.
4. Grossman-Ligeti-Soffer (GLS) method [7] : the method is similar as ADS method, but with D decays to singly-Cabibbo-suppressed three-body final states, i.e. K S Kπ.
All these decay channels add sensitivity to γ measurement and it is important to combine them for better precision. Measurements from Babar experiment and Belle experiment give their combinations of γ = (69 +17 −16 )
• [8] and γ = (68 +15 −14 )
• [9] respectively. A combination of results from both experiments gives γ = (67 ± 11)
• [10] . Using its 1 fb −1 GLW and ADS measurements of B ± → (hh ( ) ) D h ± [11] , 1 fb [18] . The 1-CL plot of γ combination is shown in Fig. 1 . The γ is constrained to be (67 ± 12)
• with δ • and 0.0923
respectively. In the following sections, new measurements from the LHCb experiment which are not yet included in the γ combinations are presented.
Model Dependent GGSZ Measurement
Besides the model-independent measurement of GGSZ analysis using external inputs from CLEO with binned Dalitz plot [16] , a model-dependent analysis [19] is performed using models from previous measurements by the Babar experiment [20, 21] and the following results are obtained: where the first uncertainty is statistical, the second is systematic and the third is systematic uncertainties due to Dalitz modelling. It results in a γ value of (84 +49 −42 )
• . The measurement is in agreement with the 1 fb −1 model-independent results [13] .
CP violation measurement with B → (K S Kπ) D h
The first GLS analysis using singly-Cabibbosuppressed D decays D → K S Kπ is performed using 3 fb −1 data [22] . The decays are divided into eight categories according to the charge of B meson, charge of kaon from D decays and type of bachelor particle h (π or K). Decays with same charge for B meson and kaon from D decays are called Same Sign (SS) and those with opposite charge are named as Opposite Sign (OS).
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where r B value is around 0.1 for B → DK decays and 0.015 for B → Dπ decays; r D is the amplitude difference between
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CP violation studies with
Results shown in previous sections are with the decay channels of B → DK, similar analysis is also performed on self-tagged neutral B decays of B 0 → DK * 0 . Due to the broad width of K * 0 (892), a dilution factor of (0.95 ± 
The measured results for the six ratios are 
The measured results are 
cay widths are measured separately for B 0 and B 0 : 
s with two kaons having opposite charge is written as:
The measured results are The measured ratios are used to extract information for γ measurement. The p−value from the profile likelihood projected over r B (DK * 0 ) and γ plane is shown in Fig. 8 . The results are compatible with the LHCb combination of γ shown in Sec. 1. The ratio of the amplitudes of the decay B 0 → DK * 0 with b → u and b → c transitions is found to be 0.240 +0.055 −0.048 . It is compatible and more accurate than previous results from Babar [25] . 
Conclusion
The LHCb experiment has performed abundant measurements to extract CKM angle γ using beauty to open charm decays. • . Further measurements with multi-body final states in B or D decays are presented, these decays include the 1 fb −1 model-dependent GGSZ analysis, the first GLS measurement using 3 fb −1 data and the GLW/ADS measurements using B 0 → DK * 0 decays with 3 fb −1 data. The γ information extracted from these decays are compatible with the LHCb γ combination results and will be used to further constrain angle γ.
